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Abstract
Objective: To examine which factors act as mediators between parental educa-
tional level and children’s fruit and vegetable (F&V) intake in ten European
countries.
Design: Cross-sectional data were collected in ten European countries participating
in the PRO GREENS project (2009). Schoolchildren completed a validated FFQ
about their daily F&V intake and filled in a questionnaire about availability of F&V
at home, parental facilitation of F&V intake, knowledge of recommendations about
F&V intake, self-efficacy to eat F&V and liking for F&V. Parental educational level
was determined from a questionnaire given to parents. The associations were
examined with multilevel mediation analyses.
Setting: Schools in Bulgaria, Finland, Germany, Greece, Iceland, the Netherlands,
Norway, Portugal, Slovenia and Sweden.
Subjects: Eleven-year-old children (n 8159, response rate 72%) and their parents.
Results: In five of the ten countries, children with higher educated parents were
more likely to report eating fruits daily. This association was mainly mediated
by knowledge but self-efficacy, liking, availability and facilitation also acted as
mediators in some countries. Parents’ education was positively associated with
their children’s daily vegetable intake in seven countries, with knowledge and
availability being the strongest mediators and self-efficacy and liking acting as
mediators to some degree.
Conclusions: Parental educational level correlated positively with children’s daily
F&V intake in most countries and the pattern of mediation varied among the
participating countries. Future intervention studies that endeavour to decrease the
educational-level differences in F&V intake should take into account country-
specific features in the relevant determinants of F&V intake.
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The WHO recommends a daily intake of at least 400 g of
fruits and vegetables (F&V)(1) in order to prevent many
common health problems, such as weight gain(2), type II
diabetes(3) and CVD(4). Enhancing F&V intake among
children is important, since consuming plenty of F&V in
childhood establishes a pattern that may track into
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adulthood(5,6). Even though there are no special recom-
mendations for children on a European level, many
countries suggest that a healthy diet should include at
least five handfuls of F&V daily, which among 11-year-old
children corresponds to approximately 400g. In Europe
most children do not meet these recommendations(7). F&V
intake is often negatively affected by children’s lower socio-
economic background(8–11). Parental educational level in
particular seems to be consistently associated with children’s
F&V intake(12). The association between higher education
and healthier diet among adults has been reported to be
partly mediated by better nutrition knowledge(13). The
mediation process between parental educational level and
F&V intake among schoolchildren, however, has not been
thoroughly examined.
Parents play an important role in providing their children
with a sufficient amount of F&V. For instance, F&V intake
has been noted to be high even among adolescents with
low F&V preferences if F&V were available at home(14).
Still, availability alone does not explain F&V intake. In
a previous study that used the same instrument as our
study and was conducted in nine European countries,
availability of vegetables at home was associated with
daily vegetable intake only in Iceland, and availability of
fruit was not associated with the daily fruit intake in any
of the countries(15).
As with food choices in general, F&V intake is strongly
affected by taste preferences or liking for F&V(14,16). Psy-
chosocial factors such as knowledge of the recommenda-
tions for sufficient F&V intake, self-efficacy to eat F&V and
parental facilitation of F&V intake by providing cut-up
fruits and vegetables for children have also been reported
to be associated with children’s F&V intake(15–17). In a
study by Kristjansdottir et al.(17), self-efficacy, knowledge
of the F&Vrecommendations and liking were all associated
with both fruit and vegetable consumption of children,
even after adjusting for availability. However, knowledge
of the determinants of F&V intake seems by no means
to be unambiguous; moreover, the determinants for fruit
intake v. vegetable intake differ. For instance, in a longi-
tudinal study by Tak et al.(18), availability and facilitation
predicted vegetable intake, whereas for fruit intake,
liking was a significant predictor. Knowledge of the F&V
recommendations and self-efficacy had no effect on either
fruit intake or vegetable intake.
Although the determinants of F&V intake have been
examined in many studies, the differences in parental
education in relation to these determinants have received
less attention. In a Norwegian study, accessibility, a sum
variable including both availability and facilitation aspects,
explained most of the education and income disparities in
F&V intake among adolescents(19). Likewise, a study that
compared the baseline cohort from the study mentioned
above and a cohort in the same schools seven years later
found a greater decrease in F&V intake among adolescents
whose parents had lower educational levels as compared
with adolescents with more highly educated parents(20).
The impact of parental educational level on decrease
in F&V intake was mediated by accessibility and pre-
ferences(20). To the best of our knowledge, no comparative
studies have been conducted previously including several
countries in Europe to determine the mediation between
parental educational level and children’s F&V intake.
The aim of the present study was to examine the factors
through which parental educational level affects both
children’s daily fruit intake and children’s daily vegetable
intake in ten European countries. Determinants investi-
gated as potential mediators were availability of F&V
at home, parental facilitation of F&V intake, liking for
F&V, self-efficacy to eat F&V and knowledge of the F&V
recommendations.
Methods
Study design
The PRO GREENS project (www.progreens.org) was
funded by the European Commission and the first phase of
the study took place between April and October 2009 in ten
European countries: Bulgaria, Finland, Germany, Greece,
Iceland, the Netherlands, Norway, Portugal, Slovenia and
Sweden. The aim was to recruit a sample of at least 1000
children aged 11 years in each country. The Netherlands
and Slovenia provided nationally representative samples
whereas the other eight countries recruited regional
samples of schools for practical and financial reasons. In
Bulgaria, Iceland and Sweden the schools recruited for
the project were located in the capital regions, whereas in
Germany, Greece and Portugal the schools were situated
near the research centres. In Norway the participating
schools were situated on the west coast and in the middle
part of the country. In Finland only Swedish-speaking
schools in the coastal areas were included in the sample.
An invitation to participate in the study was mailed to
the schools and in some cases followed up with a tele-
phone call. All schools and all classes of grades 5 and
6 within the schools that were willing to participate were
included in the study. This yielded in the participation of
one to eleven classes per school. A consent form and a
questionnaire assessing parental educational level were
mailed to the parents if their address was provided by the
school, or in other cases the letters and questionnaires
were brought home by the children. In Norway parents
could also fill in an online questionnaire. Children whose
parents allowed their participation filled in a paper-and-
pencil questionnaire (except in Norway where the children
filled in an online questionnaire) measuring F&V intake
and factors related to F&V intake. The study was conducted
by the teachers in the classrooms during school hours
and children were allowed to ask them some clarifying
questions if needed. Except for the dissimilarities that have
been mentioned above, all countries followed the same
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data collection protocol. To ensure the correspondence of
the questionnaires in different languages the questionnaires
were translated and back-translated by two different persons
in each country, prior to their administration.
The study protocol of the PRO GREENS project was
approved by the research ethics committees in each
country. The parents provided their written informed
consent for both themselves and their children.
Measurements
Parental educational level
Parental educational level was defined by the respon-
dent parent, who selected the highest educational level
that she/he had attained from among the following
alternatives: (i) ‘not completed elementary school’;
(ii) ‘elementary school’; (iii) ‘secondary school’; (iv) ‘high
school’; (v) ‘college or university’; or (vi) ‘other educa-
tion’. Owing to differences in the length and requirements
of education in different countries, educational level
was dichotomized into ‘higher educational level’, which
included category v (in Bulgaria and Slovenia, both
categories iv and v) and ‘lower to middle educational
level’ (all other categories). Thus the higher educational
level category includes those parents who had completed
a bachelor degree or higher.
Fruit and vegetable intake
F&V intake of each child was measured with an FFQ
developed for the Pro Children study and validated in
five European countries(21). Questions about the intake
frequency of fruit, salad, raw vegetables and cooked
vegetables were asked separately. The answer alter-
natives were: (0) ‘never’; (i) ‘less than 1 day per week’;
(ii) ‘1 day per week’; (iii) ‘2–4 days per week’; (iv) ‘5–6
days per week’; (v) ‘every day, once a day’; (vi) ‘every
day, twice a day’; and (vii) ‘every day, more than twice
a day’. Intakes of salad, raw vegetables and cooked
vegetables were added together for the vegetable intake.
In order to compare the results with many previous
studies, both fruit intake and vegetable intake were
dichotomized into a ‘daily intake category’ if a child
reported eating at least one portion of fruit or vegetables
at least once daily and a ‘non-daily intake category’ if a
child reported to eat less than one portion of fruit or
vegetables once daily.
Determinants of fruit and vegetable intake
Determinants of F&V intake were measured with questions
adopted from the Pro Children questionnaire with minor
changes. The development of the questionnaire was based
on a theory- and determinant-oriented literature review,
qualitative research and pre-testing described in detail
by De Bourdeaudhuij et al.(22). The questions included in
the present study and the Cronbach’s a values of the
constructs are presented in Table 1.
Statistical methods
Sample characteristics were derived with the statistical
software package IBM SPSS Statistics 20?0 for Windows.
Multilevel mediation analyses to assess the associations
between parental educational level, a child eating F&V at
least once daily and potential mediators (Fig. 1) were
conducted with Mplus statistical software version 7?1(23).
School-level sampling was taken into account by using
schools as the second analyses level in addition to the
individual-level characteristics. Regression analyses were
conducted separately for each country and adjusted for
gender and age. The regression of children’s daily F&V
intake was first performed v. parental educational level
unadjusted for the mediators, with a lower to middle
educational level serving as the reference group (path c).
Thereafter, this association was examined with adjustments
for potential mediators (path c0). Path a designates the
association between parental educational level and each
individual mediator. Thereafter, the association between
each mediator and children’s daily F&V intake was
examined with adjustments made for all other mediators
and parental educational level (path b). The mediation
effect (a3b) with 95% confidence interval was calculated
for each mediator separately and together. The significance
level was set at P, 0?05 for all associations.
Results
Sample characteristics are shown separately for each
country and in total in Table 2. The response rate was
72?2% in the total sample, ranging from 51?3% in Norway
to 91?8% in Greece. Approximately half of the children
were girls and the mean age of the children was 11?3
years. The proportion of parents who had university-level
education ranged largely across the countries: in Portugal
only 10?2% had university-level education whereas
in Bulgaria the percentage was 59?6. In total, 46?5% of
children reported eating fruits daily, the range varying
from 33?0% in Finland to 55?8% in Iceland. Daily vege-
table intake was somewhat more common in the total
sample (58?8%) but also there were country differences:
52?2% of the children in Iceland and 70?9% in Finland
reported eating vegetables at least once daily.
Fruit intake
Unstandardized regression coefficients for the associations
between parental educational level, potential mediators
and children’s daily fruit intake are presented in Table 3.
A higher education of the parents was associated with the
probability that a child would eat fruits at least once daily
(path c) in Bulgaria (P,0?05), Greece (P, 0?05), Iceland
(P,0?001), Norway (P,0?001) and Portugal (P,0?001).
Parental educational level was associated with poten-
tial mediators (path a) to a varying degree in most of the
countries except Germany and Sweden. Availability of
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Table 1 Reliability of the scales measuring the determinants of children’s fruit and vegetable intake in the PRO GREENS project
Cronbach’s a
Constructs with item(s) Response categories- BG FI DE GR IS NL NO PT SI SE
Availability of fruits 0?49 0?44 0?46 0?51 0?41 0?22 0?50 0?45 0?36 0?45
Are there usually different kinds of fruit available in your home? (i) Never; (ii) seldom; (iii) sometimes;
Is there usually a fruit bowl (or similar) in the kitchen or living room? (iv) yes, most days; (v) yes, always
Facilitation to eat fruits – – – – – – – – – –
Does your mother or father usually cut up fruits for you?
Liking for fruits 0?67 0?68 0?73 0?53 0?73 0?74 0?62 0?63 0?72 0?68
I like to eat fruits every day (i) I fully disagree; (ii) I disagree somewhat;
Fruits taste good (iii) neither agree nor disagree; (iv) I agree
somewhat; (v) I fully agree
Self-efficacy to eat fruits 0?33 0?47 0?38 0?40 0?47 0?46 0?19 0?18 0?27 0?54
It is difficult for me to eat fruits every day
If I decide to eat fruits every day, I can do it
Knowledge of the F&V recommendations 0?69 0?72 0?73 0?69 0?78 0?42 0?77 0?61 0?75 0?61
How many fruits do you think you should eat to have a healthy diet? (i) No fruit/vegetables; (ii) 1–3 portions/week;
How many vegetables do you think you should eat to have a healthy diet? (iii) 4–6 portions/week; (iv) 1 portion/d;
(v) 2 portions/d; (vi) 3 portions/d; (vii) 4 portions/d;
(viii) 5 or more portions/d-
-
Availability of vegetables 0?51 0?63 0?55 0?50 0?56 0?36 0?54 0?57 0?50 0?50
Are there usually different kinds of vegetables available in your home? (i) Never; (ii) seldom; (iii) sometimes;
In your home, are there usually vegetables served with dinner (or lunch)? (iv) yes, most days; (v) yes, always
Facilitation to eat vegetables – – – – – – – – – –
Does your mother or father usually cut up vegetables for you?
Liking for vegetables 0?81 0?84 0?86 0?78 0?84 0?83 0?79 0?83 0?87 0?85
I like to eat vegetables every day (i) I fully disagree; (ii) I disagree somewhat;
Vegetables taste good (iii) neither agree nor disagree;
(iv) I agree somewhat; (v) I fully agree
Self-efficacy to eat vegetables 0?32 0?58 0?53 0?46 0?56 0?53 0?28 0?22 0?36 0?54
It is difficult for me to eat vegetables every day
If I decide to eat vegetables every day, I can do it
BG, Bulgaria; FI, Finland; DE, Germany; GR, Greece; IS, Iceland; NL, The Netherlands; NO, Norway; PT, Portugal; SI, Slovenia; SE, Sweden; F&V, fruit and vegetable.
-The response categories were the same for the questions measuring availability and facilitation or liking and self-efficacy.
-
-
For the analyses the answers were recoded to range from 0 to 5 to indicate the amount of fruits and vegetables that the child thinks one should eat per day to have a healthy diet.
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fruits at home was higher if parents had a university-level
education in Finland (P, 0?001), Iceland (P, 0?01),
Norway (P, 0?001) and Slovenia (P, 0?001). A positive
association between educational level and facilitation was
found in Bulgaria (P, 0?01) and Norway (P, 0?01).
Liking fruits was more common among children with
higher parental education only in Norway (P, 0?001).
Children with higher educated parents had higher self-
efficacy in Finland (P, 0?05), the Netherlands (P, 0?05),
Norway (P, 0?01) and Portugal (P, 0?05). Children’s
knowledge of the F&V recommendations was higher if
the parents had a higher educational level in Greece
(P, 0?05), Iceland (P, 0?001), Norway (P, 0?01) and
Portugal (P, 0?05).
Also path b, indicating associations between the media-
tors and children’s daily fruit intake when adjusted for
parental educational level, showed variances between
countries. Liking was the strongest correlate of daily
fruit intake, but also self-efficacy and knowledge of the
F&V recommendations were strong associates in most
countries. Additionally, availability and facilitation were
associated with daily fruit intake to some degree.
The mediation of parental educational level on chil-
dren’s daily fruit intake (a3b) was found in Finland,
Greece, Iceland, Norway and Portugal. Factors acting as
mediators were knowledge of the F&V recommenda-
tions in Greece (P,0?05), Iceland (P, 0?01), Norway
(P,0?05) and Portugal (P,0?001), liking in Norway
(P,0?001), self-efficacy in Portugal (P,0?01), facilitation
in Norway (P,0?05) and availability in Finland (P,0?05).
When adjusted for the above-mentioned mediators, the
association between parental educational level and chil-
dren’s daily fruit intake (path c0) diminished in Bulgaria,
Iceland, Norway and Portugal and became non-significant
in Greece.
Vegetable intake
Table 4 shows total, indirect and mediation effects for the
association between parental educational level and chil-
dren’s daily vegetable intake. Higher parental education
was found to be associated with children’s daily vegetable
intake (path c) in Finland (P,0?001), Germany (P,0?01),
Greece (P, 0?01), Iceland (P,0?05), the Netherlands
(P,0?05), Portugal (P,0?001) and Slovenia (P,0?001).
Between-country differences were present in the asso-
ciations between parental educational level and mediators
(path a). In homes with higher parental educational level
availability of vegetables was higher in Finland (P,0?001),
Germany (P, 0?001), Greece (P, 0?05) and Iceland
Availability
Facilitation
Liking
Self-efficacy
Knowledge
(M)
Parental
educational
level
(X)
a b
c′
c
Fruit and
vegetable
intake
(Y)
Fig. 1 The mediation model for associations between parental
educational level and children’s fruit and vegetable intake. X is
the independent variable, Y the dependent variable and M
stands for the factors mediating this association. Path a
represents the association between X and M, and path b
represents the association between M and Y. Path c0 is the
direct effect and path c is the total effect between X and Y
Table 2 Characteristics of the study samples in the PRO GREENS project 2009
Total BG FI DE GR IS NL NO PT SI SE
Sample size 8159 963 934 785 892 702 577 479 883 1218 726
Response rate (%) 72?2 82?0 83?2 60?4 91?8 67?8 55?2 51?3 90?2 80?7 58?8
Gender, girls (%) 50?4 54?0 47?4 48?7 51?0 51?3 52?0 50?7 47?8 51?5 49?7
Age (years) 11?3 11?8 11?4 11?5 11?0 11?0 11?3 11?2 11?2 10?9 11?2
Education-, higher (%) 40?9 59?6 48?9 18?1 37?6 57?0 29?8 57?5 10?2 36?8 57?9
Daily F intake (%) 46?5 44?3 33?0 49?9 47?3 55?8 48?5 50?4 47?3 50?7 39?8
Daily V intake (%) 58?8 63?3 70?9 53?6 55?4 52?2 57?5 52?6 55?3 58?4 63?7
Availability, F (mean)-
-
4?3 4?2 4?2 4?5 4?5 4?0 4?5 4?1 4?5 4?3 4?4
Facilitation, F (mean)-
-
3?1 3?4 2?8 3?3 3?6 3?1 3?3 2?9 3?1 3?0 2?5
Liking, F (mean)-
-
4?5 4?5 4?4 4?4 4?5 4?5 4?3 4?6 4?5 4?6 4?5
Self-efficacy, F (mean)-
-
4?3 4?2 4?2 4?2 4?3 4?3 4?1 4?4 4?2 4?4 4?3
Knowledge (mean)y 3?4 3?5 3?4 3?3 3?3 3?3 3?2 3?7 3?6 3?7 2?8
Availability, V (mean)-
-
4?1 4?3 4?1 4?1 4?0 4?0 4?0 3?9 4?1 3?9 4?4
Facilitation, V (mean)-
-
3?1 3?6 2?7 3?1 3?6 3?0 2?2 2?9 3?5 3?0 3?1
Liking, V (mean)-
-
3?9 4?1 3?7 3?8 3?9 4?1 3?3 4?0 3?7 3?9 3?9
Self-efficacy, V (mean)-
-
3?9 4?1 3?9 3?8 3?9 4?1 3?8 4?2 3?7 3?9 4?2
BG, Bulgaria; FI, Finland; DE, Germany; GR, Greece; IS, Iceland; NL, The Netherlands; NO, Norway; PT, Portugal; SI, Slovenia; SE, Sweden; F, fruit; V,
vegetable(s).
-Parental educational level, dichotomized as lower to middle or higher.
-
-
Ranges between 1 and 5.
yRanges between 0 and 5.
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Table 3 Unstandardized regression coefficients (B) and 95% confidence interval for the associations between parental educational level-,
potential mediators and children’s daily fruit intake, PRO GREENS project 2009-
-
Total effect, path c Direct effect, path c0 Path a Path b Mediated effect, a3 b
B B B B B 95% CI
Bulgaria (n 955)
PEL-F intake 0?20* 0?17*
Availability 0?11 0?16*** 0?02 20?00, 0?04
Facilitation 0?18** 0?08* 0?01 20?01, 0?03
Liking 20?07 0?30*** 20?02 20?04, 0?00
Self-efficacy 0?08 0?24*** 0?02 20?02, 0?05
Knowledge 0?01 0?10*** 0?00 20?01, 0?01
Total 0?03 20?03, 0?09
Finland (n 925)
PEL-F intake 0?17 0?10
Availability 0?16*** 0?12* 0?02* 0?00, 0?04
Facilitation 0?05 0?03 0?00 20?01, 0?01
Liking 0?04 0?38*** 0?02 20?03, 0?06
Self-efficacy 0?19* 0?14** 0?03 20?00, 0?06
Knowledge 0?08 0?11* 0?01 20?02, 0?04
Total 0?07* 0?00, 0?14
Germany (n 618)
PEL-F intake 0?25 0?19
Availability 0?18 20?01 20?00 20?02, 0?02
Facilitation 0?06 0?08 0?01 20?02, 0?03
Liking 0?02 0?50*** 0?01 20?10, 0?11
Self-efficacy 0?11 0?22*** 0?02 20?02, 0?07
Knowledge 0?25 0?11*** 0?03 20?02, 0?07
Total 0?06 20?10, 0?22
Greece (n 703)
PEL-F intake 0?18* 0?08
Availability 0?09 0?10 0?01 20?01, 0?03
Facilitation 0?18 0?10** 0?02 20?01, 0?05
Liking 0?01 0?43*** 0?00 20?04, 0?05
Self-efficacy 0?10 0?30*** 0?03 20?00, 0?06
Knowledge 0?33* 0?11*** 0?04* 0?01, 0?07
Total 0?10* 0?01, 0?18
Iceland (n 386)
PEL-F intake 0?54*** 0?31**
Availability 0?25** 0?10** 0?03 20?00, 0?05
Facilitation 20?04 0?03 20?00 20?01, 0?01
Liking 0?10 0?20 0?02 20?02, 0?06
Self-efficacy 0?13 0?34*** 0?04 20?02, 0?11
Knowledge 0?60*** 0?24*** 0?14** 0?05, 0?23
Total 0?23** 0?08, 0?38
Netherlands (n 564)
PEL-F intake 0?20 0?14
Availability 0?11 0?13* 0?01 20?01, 0?03
Facilitation 0?08 0?07 0?01 20?01, 0?02
Liking 20?02 0?37*** 20?01 20?06, 0?05
Self-efficacy 0?14* 0?20*** 0?03 20?01, 0?06
Knowledge 0?08 0?16*** 0?01 20?03, 0?06
Total 0?05 20?05, 0?15
Norway (n 464)
PEL-F intake 0?44*** 0?20*
Availability 0?27*** 0?05 0?01 20?03, 0?06
Facilitation 0?24** 0?13* 0?03* 0?00, 0?06
Liking 0?11*** 0?72*** 0?08*** 0?05, 0?12
Self-efficacy 0?19** 0?20** 0?04 20?00, 0?08
Knowledge 0?49** 0?15*** 0?07* 0?02, 0?13
Total 0?24*** 0?14, 0?33
Portugal (n 776)
PEL-F intake 0?60*** 0?45*
Availability 0?15 0?13*** 0?02 20?01, 0?05
Facilitation 0?02 0?02 0?00 20?01, 0?01
Liking 0?09 0?51*** 0?04 20?07, 0?15
Self-efficacy 0?25* 0?20*** 0?05** 0?01, 0?09
Knowledge 0?52* 0?09** 0?05*** 0?02, 0?07
Total 0?16* 0?00, 0?31
Slovenia (n 1193)
PEL-F intake 0?04 0?05
Availability 0?20*** 0?06 0?01 20?01, 0?03
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Table 3 Continued
Total effect, path c Direct effect, path c0 Path a Path b Mediated effect, a3 b
B B B B B 95% CI
Facilitation 20?02 0?09** 20?00 20?02, 0?01
Liking 20?06 0?68*** 20?04 20?10, 0?02
Self-efficacy 0?01 0?15*** 0?00 20?01, 0?01
Knowledge 0?17 0?11*** 0?02 20?00, 0?04
Total 20?02 20?09, 0?06
Sweden (n 709)
PEL-F intake 0?09 0?04
Availability 0?02 0?06 0?00 20?00, 0?01
Facilitation 20?02 0?03 0?00 20?01, 0?00
Liking 0?08 0?64*** 0?05 20?02, 0?12
Self-efficacy 20?04 0?22*** 20?01 20?03, 0?02
Knowledge 0?09 0?13*** 0?01 20?02, 0?04
Total 0?06 20?05, 0?16
PEL, parental educational level; F, fruit.
Statistical significance of the associations: *P, 0?05, **P, 0?01, ***P, 0?001.
-Parental educational level: lower to middle (reference) v. high.
-
-
All analyses adjusted for gender and age.
Table 4 Unstandardized regression coefficients (B) and 95% confidence interval for associations between parental educational level-,
potential mediators and children’s daily vegetable intake, PRO GREENS project 2009-
-
Total effect, path c Direct effect, path c0 Path a Path b Mediated effect, a3 b
B B B B B 95% CI
Bulgaria (n 955)
PEL-V intake 0?10 0?09
Availability 0?03 0?41*** 0?01 20?02, 0?04
Facilitation 0?14 0?01 0?00 20?01, 0?01
Liking 0?04 0?22*** 0?01 20?01, 0?03
Self-efficacy 20?03 0?13* 20?00 20?03, 0?02
Knowledge 0?01 0?12*** 20?00 20?01, 0?01
Total 0?02 20?03, 0?07
Finland (n 925)
PEL-V intake 0?43*** 0?32***
Availability 0?20*** 0?30*** 0?06*** 0?02, 0?10
Facilitation 0?10 0?09** 0?01 20?01, 0?03
Liking 0?10 0?24*** 0?03* 0?00, 0?05
Self-efficacy 0?19** 0?06 0?01 20?01, 0?03
Knowledge 0?08 0?04 0?00 20?01, 0?02
Total 0?11 0?03, 0?19
Germany (n 615)
PEL-V intake 0?46** 0?37**
Availability 0?25*** 0?16** 0?04* 0?00, 0?08
Facilitation 20?01 0?05 20?00 20?01, 0?01
Liking 20?01 0?19*** 20?01 20?03, 0?03
Self-efficacy 0?08 0?18*** 0?01 20?02, 0?05
Knowledge 0?25 0?14*** 0?04 20?03, 0?10
Total 0?09* 0?01, 0?17
Greece (n 703)
PEL-V intake 0?35** 0?26*
Availability 0?14* 0?22*** 0?03 20?00, 0?06
Facilitation 20?05 0?03 20?00 20?01, 0?01
Liking 0?05 0?17** 0?01 20?02, 0?04
Self-efficacy 0?17* 0?11 0?02 20?01, 0?04
Knowledge 0?33* 0?10** 0?03* 0?00, 0?07
Total 0?09* 0?02, 0?16
Iceland (n 386)
PEL-V intake 0?38* 0?18
Availability 0?24** 0?37*** 0?09* 0?01, 0?16
Facilitation 0?06 0?03 0?00 20?01, 0?01
Liking 0?06 0?23*** 0?01 20?04, 0?07
Self-efficacy 0?12 0?21*** 0?03 20?01, 0?06
Knowledge 0?60*** 0?12*** 0?07* 0?02, 0?13
Total 0?20** 0?06, 0?35
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(P, 0?01). Higher educated parents also facilitated
vegetable intake in Norway (P, 0?05) and their children’s
self-efficacy to eat vegetables was higher in Finland
(P, 0?01), Greece (P, 0?05), the Netherlands (P, 0?05)
and Norway (P, 0?05). As already reported earlier,
higher parental educational level was associated with
better knowledge of the F&V recommendations in Greece
(P, 0?05), Iceland (P, 0?001), Norway (P, 0?01) and
Portugal (P, 0?05).
There were some country differences in the associa-
tions between potential mediators and children’s daily
vegetable intake (path b). The strongest correlates of daily
vegetable intake in most countries were availability, liking,
self-efficacy and knowledge of the F&V recommendations
but facilitation was associated with daily vegetable intake
only in Finland and the Netherlands.
Parental educational level was mediated on children’s
daily vegetable intake (a3b) through at least some
of the factors examined in Finland, Germany, Greece,
Iceland, Norway and Portugal. The strongest mediator
was availability of vegetables at home, which was found
to be significant in Finland (P, 0?001), Germany
(P, 0?05) and Iceland (P, 0?05). Mediation also occur-
red through knowledge of the F&V recommendations
in Greece (P, 0?05), Iceland (P, 0?05) and Portugal
(P, 0?05), self-efficacy in Norway (P, 0?05) and liking
in Finland (P, 0?05). Adjusted for the above-mentioned
mediators, the association between parental education
and children’s daily vegetable intake (path c0) diminished
in Finland, Germany, Greece, Iceland (where the associa-
tion became non-significant), the Netherlands, Portugal
and Slovenia.
Table 4 Continued
Total effect, path c Direct effect, path c0 Path a Path b Mediated effect, a3 b
B B B B B 95% CI
Netherlands (n 564)
PEL-V intake 0?33* 0?30*
Availability 0?12 0?21** 0?03 20?01, 0?06
Facilitation 20?10 0?12* 20?01 20?04, 0?01
Liking 0?02 0?14** 0?00 20?04, 0?05
Self-efficacy 0?18* 20?01 20?00 20?02, 0?02
Knowledge 0?08 0?12** 0?01 20?02, 0?04
Total 0?02 20?07, 0?12
Norway (n 464)
PEL-V intake 0?24 0?08
Availability 0?14 0?40*** 0?06 20?01, 0?12
Facilitation 0?21* 0?07 0?01 20?02, 0?05
Liking 0?11 0?15* 0?02 20?01, 0?04
Self-efficacy 0?17* 0?23*** 0?04* 0?01, 0?07
Knowledge 0?49** 0?07* 0?03 20?01, 0?08
Total 0?16** 0?06, 0?26
Portugal (n 776)
PEL-V intake 0?51*** 0?46***
Availability 0?19 0?22*** 0?04 20?02, 0?10
Facilitation 20?09 20?00 0?00 20?01, 0?01
Liking 20?23 0?20*** 20?05 20?11, 0?02
Self-efficacy 20?08 0?11*** 20?01 20?05, 0?03
Knowledge 0?52* 0?12*** 0?06* 0?01, 0?12
Total 0?05 20?13, 0?23
Slovenia (n 1192)
PEL-V intake 0?26*** 0?20***
Availability 0?04 0?14*** 0?01 20?01, 0?02
Facilitation 0?01 0?06 0?00 20?01, 0?01
Liking 0?07 0?31*** 0?02 20?01, 0?05
Self-efficacy 0?09 0?14*** 0?01 20?00, 0?03
Knowledge 0?17 0?09*** 0?02 20?00, 0?03
Total 0?06* 0?01, 0?10
Sweden (n 709)
PEL-V intake 0?18 0?13
Availability 0?03 0?27*** 0?01 20?02, 0?03
Facilitation 20?16 0?01 20?00 20?01, 0?01
Liking 0?04 0?34*** 0?01 20?04, 0?07
Self-efficacy 0?08 0?20*** 0?02 20?02, 0?05
Knowledge 0?09 0?12*** 0?01 20?02, 0?04
Total 0?05 20?05, 0?15
PEL, parental educational level; V, vegetable.
Statistical significance of the associations: *P, 0?05, **P, 0?01, ***P, 0?001.
-Parental educational level: lower to middle (reference) v. higher.
-
-
All analyses adjusted for gender and age.
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Discussion
The aim of the present study was to determine which
factors mediate the association between parental educa-
tional level and both fruit intake and vegetable intake
among children in ten European countries. Parents’ higher
education was positively associated with their children’s
daily fruit intake in five countries, and the factors acting as
mediators were knowledge of the F&V recommendations,
self-efficacy, facilitation and availability. An association
between higher parental educational level and children’s
more frequent daily vegetable intake was found in seven
of the ten countries. The strongest mediators for this
association were availability and knowledge of the F&V
recommendations, but self-efficacy and liking also acted as
mediators.
In general, children whose parents had a higher
educational level reported more frequently daily F&V
intake. Educational-level differences in children’s daily
F&V intake, however, were partly modest or were not
found in all countries. This contradicts the findings in the
review by Rasmussen et al.(12), which stated that parental
educational level has been consistently associated with
children’s F&V intake. The lack of this association in the
present study can be due to the separate examination of
fruit intake and vegetable intake, since in all participating
countries (except Sweden) children with higher educated
parents reported either more frequent daily fruit or vege-
table intake if not both. It may also be that a dichotomized
educational level such as the one in the present study
was not precise enough to detect the differences in F&V
intake or its determinants. In the present study, however,
the cross-country differences in the correspondence of
educational levels disabled an alternative construction
of the educational level variable. Future studies that
include many countries should consider using the ISCED
(International Standard Classification of Education) guide-
lines(24) to assess educational level. It should also be noted
that we used daily frequency of F&V intake in our analyses.
It is possible that even though parents’ education was
not associated with children’s daily F&V intake in some
countries, educational-level differences might have been
found if the actual amount of F&V intake had been
examined. Still, we chose to use the measurement of daily
F&V intake, as the FFQ method is known to be more
suitable for ranking subjects according to their usual food
intake than the method of 24h recall(21,25).
Even though children with higher educated parents
scored higher in some determinants of F&V intake, educa-
tional-level differences were not consistent in all countries.
Both in the case of fruit intake and that of vegetable intake,
availability and knowledge of the F&V recommendations
seemed to be the determinants most positively affected
by parents’ education. Also in the level of self-efficacy to
eat F&V some educational-level differences were noted.
There are few studies that have examined how parental
educational level influences the determinants of children’s
F&V intake. In a study using both education and many
factors related to occupational status as indicators of socio-
economic position, differences in availability but not in
self-efficacy were found(26). Since nutritional knowledge
has been reported to be better among higher educated
mothers(27), we assume that this probably affects the nutri-
tional knowledge of their children as well. On the other
hand, educational-level differences in liking for fruits were
present only in Norway.
The lack of educational-level differences in liking for
F&V is an important finding, since in many studies, as
well as ours, liking for F&V has been one of the strongest
correlates of F&V intake(14,15). In addition to liking, also
knowledge of the F&V recommendations had strong
correlation with both fruit intake and vegetable intake. In
the case of availability and self-efficacy there seems to be
slight difference in the importance of the determinants of
fruit intake and vegetable intake. Contrary to the findings
from De Bourdeaudhuij et al.(15), in our study availability
had a strong correlation with vegetable intake in all
countries. For fruit intake, self-efficacy was more impor-
tant in all countries.
Examining the mediation between parental educational
level and children’s daily F&V intake showed no clear
pattern across the countries. Also the importance of the
mediators differed somewhat for fruit intake and vege-
table intake. In most countries, however, the association
between parental educational level and children’s F&V
intake was mainly mediated by children’s knowledge
of the F&V recommendations. In the case of vegetable
intake, availability was one of the most important deter-
minants to account for educational-level differences. These
findings are only somewhat in line with a Norwegian
study in which accessibility but not knowledge of the F&V
recommendations was found to explain a considerable
part of the educational-level differences in F&V intake(19).
The dissimilarities of the results between these two studies
can be due to the differences in the age of the participants
(children v. adolescents), study design (cross-sectional v.
longitudinal) or studying fruit intake and vegetable intake
separately and not F&V intake together. However, among
first-time mothers nutrition knowledge has previously
been reported to partly explain the association between
their educational level and diet quality(28). This is not
surprising, since knowledge of the recommendations is one
of the strongest associates of F&V intake among adults(29).
Parental knowledge of the recommendations can be directly
passed to children but also affects the availability of the food
at home. Moreover, the association between availability and
F&V intake cannot be considered only straightforwardly, as
was shown in the mediation analyses by Wind et al.(30).
In their study, which included nine European countries,
availability of F&V at home was mediated on children’s
F&V intake mainly through children’s self-efficacy and liking
for F&V.
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The facts that the mediators examined in the present
study did not explain the educational-level differences
in children’s F&V intake in all countries and that the
proportions mediated were moderate indicate that there
are other potential mediators. Even though the intra-class
correlations in the multilevel analyses were small, also
the lack of power can partly have contributed to the
significance of the small effect sizes. On the other hand,
correlations between examined mediators can have led
to lower significance levels of single mediators. In a
descriptive study such as ours, it is impossible to go
deeper into analyses of the partly contradictory associa-
tions observed. Still, a plausible explanation is that
between-country differences in food cultures at home
and in the arrangements of school meals can affect the
importance of the determinants of F&V intake as well
as the total F&V intake over the course of a day(31). Thus,
in-depth, country-specific analyses are needed to clarify
the situation in each country if the goal is to diminish
educational-level differences in F&V intake.
The strength of the present study is the use of a
standardized questionnaire and study protocol in each of
the ten countries. This enables comparisons between
countries and offers valuable information about the possible
mediators between educational level and both fruit intake
and vegetable intake from a wider perspective. The main
limitations are the lack of a representative sample in most
participating countries and a low response rate in some
countries, which indicate that the results presented here
are not necessarily generalizable to the whole population.
This selection bias might also have led to homogeneity in
educational level in some of the study samples and, further,
to the conservativeness of the results about the mediators of
F&V intake.
The mediators were measured with only one or two
questions, which can also be seen as a limitation. When
studying children, however, the use of single questions
to measure a construct is a common practice since the
questionnaires can otherwise be too long and demanding
for children. Still, internal consistency of some constructs
was very low. This was the case with availability of fruits
in the Netherlands and with self-efficacy in Norway and
Portugal. The lowness of Cronbach’s a can partly be due
to its sensitivity to the number of items included in a
construct, but it is also an indication of the difficulties to
form a child-assessed questionnaire that can be under-
stood in the same way in different countries. The problem
of low internal consistency of self-efficacy in Norway and
Portugal was present as well in the validation study(22)
which otherwise reported moderate to good construct
validity in most of the participating countries.
It can be concluded that the pattern of mediation between
parental educational level and children’s F&V intake differed
across ten European countries. Still, the most important
mediator for both fruit intake and vegetable intake was
children’s knowledge of the F&V recommendations. The
association between parental education and children’s
vegetable intake was also mediated by availability of vege-
tables at home. This implies that interventions that aim
to decrease educational-level differences in children’s F&V
intake should target both children, by increasing their
knowledge of healthy diet, and also parents, by encouraging
them to provide children with more F&V at home. It is
of importance that relevant determinants are targeted in
different populations in variable settings.
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